Abstract
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
The mental foramen (MF) is considered one of the main anatomic landmarks in the anterior region of the mandible because it constitutes the exit through which the terminal mandibular neurovascular branches pass. There are anatomical variations affecting the MF and mental nerve regarding location, size, emerging direction, number, and shape [1, 2] . Since prehistoric times, the mandible of humans has undergone a decrease in its overall size compared to other primates [3, 4] . The mental foramen (MF) has also varied its size and location. The MF has shifted from the molar region in Neolithic skulls to its current premolar position in modern humans. Moreover, the MF has increased in size since the Neolithic period [5] .
The most common MF pattern of emergence in Caucasians and Maoris is the posterior direction, whereas right-angled emergence is predominant in Negro skulls [6] . There have been reports of subjects with double or multiple MFs [7] . The occurrence of these accessory mental foramina (AMF) has been explained by the early separation of the mental nerve prior to the complete formation of the MF [8] , which does not occur until the twelfth week of intrauterine development [9] .
The morphometric characteristics of MF are of special interest due to the clinical implications involved. MF can be injured during surgical procedures, resulting in paresthesia or anesthesia of the chin, lower lip, and gingiva from MF to midline [1, 10] . It is critical for dental surgeons to accurately identify the MF prior to implant placement, orthognathic surgery, bone augmentation procedures and periapical surgery osteotomies [11] [12] [13] [14] . An analysis of the factors having a possible influence on the size and position of the MF would allow for better understanding of MF variations prior to these procedures and help prevent vascular and nerve injuries. This study aimed to analyze the factors influencing MF dimensions and location.
Material and methods

Study population
The overall sample consisted of 357 patients for whom pre-operative CBCT imaging was per- The inclusion criteria were as follows: (1) whole mandibular body included in the CBCT volume; and (2) the CBCT voxel size was 0.3 mm or less. The exclusion criteria consisted of the following: (1) presence of any developmental or pathological conditions in the area of MF (i.e., tumors, cysts, or malformations); (2) presence of incompletely erupted teeth in the anatomic region; (3) evidence of mandibular fractures or surgical interventions, such as repositioning of inferior alveolar nerve or orthognatic surgery, and (4) presence of any artifacts or blurring affecting image quality.
Image adquisition
CBCT exams were performed using i-CAT 
Measurement procedure
On cross-sectional slices, the position of MF in the mandibular body was determined by the distance from the alveolar bone crest to the MF superior border (MF-MSB), and the distance from the MF inferior border to the lower border of the mandible (MF-MIB). Mandibular vertical distance (MV) was calculated by the sum of the MF-MSB and MF-MIB distances. The crossing angle between the tangent to the vestibular mandibular surface and a parallel to the emerging direction of the mental nerve was considered the emerging angle (Fig 1) . MF emergence was classified into four types according to its exit direction: I) superior, II) posterior, III) direct, and IV) anterior. The anteroposterior location of MF was classified with respect to mandibular teeth from the 1st premolar to 1st molar. Dental status was classified into three groups: dentate (6 or more remaining teeth), partially dentate (less than 6 remaining teeth) and edentulous. Long and short axes of each MF were measured on CBCT sagittal reconstructions; in addition, MF areas were calculated using the formula: oval area, A = abπ/4; [where a = long diameter and b = short diameter] (Fig 2) . An AMF was defined as an ancillary buccal foramen presenting continuity with the mandibular canal. AMF had a smaller diameter than MFs. CBCT measurements were carried out by an experienced researcher under standard conditions (a 15.6 inch monitor in a dimly lit room). Intra-observer variability was analyzed by remeasuring 40 randomly selected CBCT images 1 month later.
Statistical analysis
Statistical analysis was performed using SPSS 1 (v. 21.0, IBM Corporation, NY, USA). Descriptive data included mean ± standard deviation (SD). Intra-observer and inter-observer agreement were assessed using the intraclass correlation coefficient. The t-test was used for paired comparisons in MF morphometric characteristics between gender and age groups. The oneway ANOVA and post hoc Bonferroni multiple comparison tests were used to compare MF characteristics in relation to dental status and MF position. A polar group strategy was used to obtain dichotomized variables. For each dependent variable two groups were established: the first group was 33 rd percentile, and the second group was !66 th percentile. A binary logistic regression analysis was performed to determine the factors influencing MF dimensions and location. Regression analysis was further performed to analyze the influence of age on MF-MSB distance in fully dentate patients. Statistical significance was set at p < 0.05.
Results
The final sample consisted of 344 CBCT scans selected from the initial 355. Three CBCTs were excluded from the initial sample due to partially erupted or included teeth in the region of interest, six scans presented pathology (four patients had radiolucident areas consistent with granulomas or cysts, one patient had lesions consistent with cherubism, and another had multiple dental inclusions and lesions suggesting cysts), and two CBCTs did not have adequate quality for analysis. The population consisted of 205 females (59.6%) and 139 males (40.4%) (mean age 47.44 ± 15.52 years; range: 13-86). Of the total 688 MFs, the mean long diameter was 4.44 ± 1.13 mm, the mean short diameter was 2.92 ± 0.75 mm, and the mean area was 10.62 ± 5.00 mm 2 . MF short diameter and MF area were significantly higher on the left side (p = 0.000, p = 0.013). The MF-MIB distance was 13.55 ± 1.06 mm, and MF-MSB distance was 11.42 ± 3.34 mm. The mean MF emerging angle from the mandible was 53.45 ± 15.90˚. Male subjects presented statistically higher MF dimensions (long diameter, short diameter, and area) (p = 0.000, p = 0.000, p = 0.000, respectively), distances (MF-MIB and MF-MSB) (p = 0.000, p = 0.000, respectively), and MF emerging angle (p = 0.028). Younger subjects presented statistically higher MF-MSB distance (p = 0.000), while older subjects presented statistically higher MF emerging angle (p = 0.000). Differences were also found with respect to dental status. Dentate subjects had significantly higher MF dimensions (long diameter and area) than edentulous patients (p = 0.013, p = 0.038). Dentate patients also had statistically higher MF-MSB distance (p = 0.000), while MF emerging angle was statistically higher in edentulous patients (p = 0.000) ( Table 1) .
The anteroposterior location of MF in relation to mandibular teeth presented the following distribution: 2.7% were below the 1 st molar, 9.1% between the 1 st and 2 nd molars, 57.9% below premolar. MFs presented a statistically significant reduction in dimension (long diameter, short diameter, and area) as their position moved closer to the midline (Table 2) (Fig 3) . The predominant type of MF emergence was superior direction, followed in frequency by direct, posterior and anterior types. No statistically significant differences were observed with regard to gender (p > 0.05). However, there were statistical differences between age groups (p = 0.000). Patients under 50 years of age had superior emergence MFs more frequently than older patients. Conversely, patients over 50 had a higher number of direct-type MFs. Regarding the anteroposterior position, no statistically significant differences were found in emergence type. However, there were statistically significant differences according to dental status (p = 0.000). Dentate patients had mostly superior-direction MFs, while partially dentate and edentulous patients had mostly direct emergence.
MF morphometric characteristics varied significantly depending on the type of emergence. Statistically significant differences in long diameter, MF-MSB and MF-MIB distances were observed. The MF-MIB distance was statistically higher in superior-type MFs as compared to direct-emergence MFs (p = 0.034). In addition, MF-MSB distance was statistically higher in superior-type MFs compared to direct-emergence MFs and anterior-emergence MFs (p = 0.005, p = 0.000). Furthermore, this distance was statistically higher in posterior-emergence MFs than anterior-emergence MFs (p = 0.042) (S1 Dataset). Inter-observer variability was an intraclass correlation mean value of 0.748, ranging from 0.62 to 0.85. Intra-observer variability was an intraclass correlation mean value of 0.799, ranging from 0.61 to 0.91 (S2 Dataset). Predicting the dimensions of the mental foramen (Fig 3) .
In addition, hemimandibles with no AMF showed a higher rate of large MF short diameters (B = 0.90; p = 0.038). The rate of large MF short diameters was nearly 2.5 times higher in hemimandibles with no AMF presence. The regression analysis showed that gender and presence of AMF had a significant influence on MF long diameter (p < 0.05).
The regression analysis showed that gender, mandibular side and the presence of AMF significantly influence MF area (p < 0.05). Females had a lower rate of large MF areas (B = −0.60; (Table 3) (Fig 4) , (S3 Dataset).
Predicting the location of the mental foramen
The binary logistic regression showed that age, gender and dental status significantly influence MF-MSB distance (p < 0.05). This distance decreased as age increased (B = −0.054; p = 0.001).
In terms of gender, females had a lower rate of long MF-MSB distances (B = −0.94, p = 0.001).
The likelihood of having a long MF-MSB distance was 2.56 times higher in males (1/0.39; OR in females = 0.39). In addition, dentate patients showed a 10-times higher rate of long MF-MSB distances in comparison with edentulous patients (B = 2.27; p = 0.001).
Regarding completely dentate patients, the linear regression analysis revealed that age had an influence on MF-MSB distance (R = 0.26; B = −0.05; p = 0.02) and MF-MSB/MV ratio (R = 0.32; B = −0.001; p < 0.01) (Fig 5) .
The binary logistic regression showed that age, gender and emerging angle significantly influenced the MF-MIB distance (p < 0.05). The distance decreased as age increased (B = −0.01; p = 0.001). In terms of gender, females had a lower rate of long MF-MIB distances (B = −1.94, p = 0.001). The likelihood of having a long MF-MIB distance was 7.14 times higher in males (1/0.14; OR in females = 0.14). In addition, as emerging angle increased, the likelihood of presenting long MF-MIB distances decreased (B = −0.03; p = 0.001).
The binary logistic regression showed that age, gender, dental status and emerging angle significantly influenced the MV distance (p < 0.05). This distance decreased as age increased (B = −0.04; p = 0.000). In terms of gender, females had a lower rate of long MV distances (B = −1.96, p = 0.000). The likelihood of having a long MV distance was 7.14 times higher in males (1/0.14; OR in females = 0.14). In addition, dentate patients showed an almost 5 times higher rate of long MV distances as compared to edentulous patients (B = 1.59; p = 0.001).
Regarding emerging angle, the higher the angle the lower the likelihood of presenting long MV distances (B = −0.03; p = 0.000). The binary logistic regression showed that age and dental status significantly influenced the MF-MSB/MV ratio (p < 0.05). The ratio decreased as age increased (B = −0.05; p = 0.000). In addition, dentate patients showed a 10 times higher rate of long MF-MSB/MV ratios in comparison to edentulous patients (B = 2.37; p = 0.001) (Table 4) , (S4 Dataset).
area and MF diameter. Although there are several studies analyzing MF size [15, 16] , to the best of our knowledge, this is the first study to evaluate whether MF size is influenced by local and general factors using regression model analysis. Previous studies have carried out only a comparative study by age and gender [16] [17] [18] [19] . Regarding general factors, in a CT study Fujita et al. [20] reported no differences in MF dimensions between males and females. Using a different methodological approach, Chen et al. [21] considered the bucco-lingual diameter of the intraalveolar canal at the side of MF to be similar to MF diameter. Mean diameters in their study were 2.26 mm in the American population and 2.13 mm in Taiwanese population. They found no significant differences in MF dimensions with respect to gender or age.
In contrast, other CBCT studies and studies on dry mandibles reported that males had significantly greater dimensions [10, [17] [18] [19] , which is consistent with the present study. Particularly, Kalender et al. [18] observed greater dimensions among males in both MF height and width. Other authors found only differences in height [17, 19] , or only in width [10] . In our regression model, gender was found to be a determining factor in MF size: males were twice as likely to have large MFs (>66th percentile). Age is another independent variable with a possible relation to MF dimensions. Orhan et al. [22] described that children aged 6 to 12 years had significantly smaller MF dimensions compared to older children. However, like other adult studies [17, 19] , we found that age had no influence on MF dimensions.
Regarding local factors, we found both MF diameter and MF area were significantly influenced by mandibular side, MF being greater in left hemimandibles. Philips et al. [23] described similar findings, but this contrasts with other CBCT and CT research [18, 19, 24] , which report no variation in MF dimensions according to mandibular side. In addition, MF dimensions change according to anteroposterior position. MF diameter decreases as its position becomes more anterior in the mandible. This seems more the result of craniocaudal reduction than of mandibular canal branching. A similar decrease has also been observed in other mandibular vascular structures such as the incisive canal [25, 26] .
In a previous study involving 344 patients with a total of 48 AMF [27] , the present research team found that MF dimensions were smaller in the presence of AMF. There are only four studies by other authors analyzing mental foramen dimensions with respect to the presence of accessory mental foramina [28] [29] [30] [31] . These authors found that MF dimensions were smaller in hemimandibles with AMF, but unlike our previous study, they reported no significant differences [28, 30] , which may be due to the small sample size. Furthermore, in our regression model the presence of AMF is a determining factor for MF dimensions. This could be due to the fact that some parts of the neurovascular bundles that pass through the MF are transferred to the AMF, thus, MF dimensions become smaller [32] . To date, no previous study has performed a regression analysis to assess the influence of these factors. Moreover, this is the first regression study to include the presence of AMF as one of its factors.
The present study has also identified a number of factors influencing the distance from MF to the alveolar crest and from MF to the mandibular lower border. Age, gender, emerging angle, and dental condition are associated with variations in these distances. In addition, age and dental condition have also been identified as influencing factors in MF vertical position. The location of MF varies throughout life. Before tooth eruption, children present MFs closer to the alveolar crest. During eruption, the location descends to an intermediate position between alveolar crest and inferior mandibular border; and in dentate adults, it is closer to the inferior mandibular border [33] . In this sense, Orhan et al. [22] described that the distance from MF to the alveolar crest varies significantly among children aged 6-12, children aged 13-15, and children aged 16-18 years; presenting lower distances in the youngest group. This apparent movement of MF position is relative and depends on alveolar bone apposition [15] . However, we must be aware that there are several factors that may affect MF position such as periodontal disease, postextraction bone loss, and bone loss by trauma [33] . MF-MIB and MF-MSB distances in the present study were consistent with previous research [10, 19, 34, 35] . It has been shown that MF location is between 12 to 15.5 mm above the MIB [16, 34, [36] [37] [38] [39] [40] [41] [42] [43] . Like other studies [18, 19, 37, 39] , we found no significant variations in these distances with respect to hemimandible side. With respect to gender, females showed significant lower MF-MSB and MF-MIB distances, in line with previous research [10, 18, 19, 21, 34, 37, 44] . In addition, in the present study the regression model showed that gender is a determining factor for MF-MSB and MF-MIB distances, as well as for MV distance. Despite the fact that MF-MSB, MF-MIB and MV distances were higher in males, we did not find gender to represent a determining factor in the vertical position of MF in the mandible. These gender differences have been described by Apinhasmit et al. [10] , who also observed that the vertical MF position was not influenced by gender.
Regarding age, MF-MSB distance is shorter in the older age group, perhaps due to bone resorption resulting from tooth loss, which is more prevalent with increasing age. Similar differences have been observed by some authors [15, 33, 45, 46] ; however, others [19, 47, 48] , found no influence of age on MF-MSB distance in patients presenting all teeth in the MF region. They claim that the position of the mandibular canal and the MF remain relatively constant regardless of age and gender [47, 48] . However, our linear regression revealed that in fully dentate patients, age influences MF-MSB distance and MF vertical position (MF-MSB/MV ratio). Thus, as age increased, shorter MF-MSB distance and MF-MSB/MV ratio were observed. One of the factors that may explain these results is periodontal bone loss. Further research is needed to determine whether more factors are involved.
Regarding dental condition, we observed that tooth loss results in a decrease in MF-MSB distance, which is in line with the literature [15, 33, 38] . Soikkonen et al. [49] reported that it was 3.8 mm lower in edentulous than in dentate mandibles. Chu et al. [38] reported this occurring more acutely in males. The present study found that dental status is a predictive factor for MF-MSB distance. Thus, the likelihood of long MF-MSB distances is 10 times higher in dentate patients than in edentulous patients. On the other hand, unlike previous research [34, 38, 50] , we found no variation in the MF-MIB distance with respect to dental status. Chrcanovic et al. [34] reported a reduction in MV in edentulous patients. These authors explain that dental absence results in greater changes in mandibular height than in mandibular width dimensions, and that dental status has a greater influence on the mandibular anatomy than does gender. Moreover, they describe that the relative MF position in the mandible presents statistically significant differences between dentate and edentulous patients. Following dental extraction, the MF is located closer to the alveolar crest. Our findings showed that dental status is an influencing factor of vertical MF position (MF-MSB/MV ratio). Regarding anteroposterior MF position, unlike other authors [19] , who found an increase in the MF-MSB distance as MF position becomes more anterior, we found that MF-MSB distance does not vary significantly according to its anteroposterior position. This may be because that in our study not all patients were fully dentate in the MF region. of the bone resorption in the MF region in patients who are not fully dentate. The MF contains critical neurovascular structures, and represents a mandibular landmark with great importance for surgery. An injury of the MF as a consequence of inadequate planning may cause sensory disturbances for up to 6-16 months postsurgery. This has an incidence of 8.5% to 24% [1, 12] . To prevent these complications, an accurate knowledge on the inferior alveolar nerve, mental nerve and MF anatomy is crucial. This study provides information regarding MF location that is vital to attaining mental nerve blockage.
Conclusions
Based on the present study, MF dimensions are associated with gender, mandibular side, anteroposterior position, and the presence of AMF. Location of the MF is associated to general influencing factors such as gender, and patient age. It is also associated with local influencing factors such as dental status and emerging angle. CBCT images make it possible to detect and analyze the anatomical characteristics of MF in order to avoid complications associated to surgical procedures. Future studies involving different ethnic populations and larger population samples should be carried out to confirm these results. 
Supporting information
